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Summary

Calcium and vitamin D are essential nutritional elements in bone health throughout life, in the attainment
and maintenance of peak bone mass. In the treatment of osteoporosis, an adequate intake of calcium and
the repletion of vitamin D are critical for the maximisation, in terms of antifractural efficacy, of the res-
ponse to osteo-active treatments: anticatabolics and anabolics.

The daily requirement for calcium is estimated to be between 1,000 and 1,200 mg and may be obtained
relatively easily through a normal diet, or by means of food supplements. However, a substantial section
of the population does not attain these required levels. In addition, patients with intolerance to milk,
with limited gastric secretion due to their age, for autoimmune reasons, or due to the use of agents such
as proton pumps which limit it, gastrectomy or other reasons, or malabsorption, make calcium supple-
ments, nutritional or pharmacological, necessary. The requirements for vitamin D are estimated at 800-
1,000 UL but few foods contain this vitamin, and cutaneous synthesis, even in sunny regions, is insuffi-
cient to obtain blood levels of 25 (OH)D [marker for the status of vitamin D in the body] above the 30
ng/mL necessary for an optimum biological response in the bone and other target organs and tissues.
This means that it is practically always necessary to supplement it through reinforced foods or with phar-
macological vitamin D.
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Introduction

Most nutrients and food components which we
consume in our daily diet in Spain which act on
the metabolism or structure of bone, through
endocrine-paracrine actions and by modifying
homeostasis of calcium or other bioactive mineral
elements of the bone, have a considerable positi-
ve or negative effect on bone health'. Thus, nutri-
tion should form a part of public health strategies
for the prevention, and also the treatment, of oste-
oporosis. These dietary factors include inorganic
minerals, calcium, phosphorus, magnesium,
sodium, and potassium principally, and other trace
elements, liposoluble vitamins A, D, E, K, and the
vitamin B group, folic acid, vitamin C and macro-
nutrients such as proteins and fatty acids.

Three recent reports highlight the importance
of calcium and vitamin D in bone health: from the
European Commission, on Osteoporosis in the
European Community: Action for its Prevention?
from the ministry of health of the United States of
America, on bone health and osteoporosis’; and
from the World Health Organisation, on diet nutri-
tion and the prevention of chronic diseases".

Below we review the evidence which supports
the involvement of calcium and vitamin D in bone
health and in the treatment of osteoporosis.

1. Calcium

Calcium is the most abundant mineral in the ske-
leton, approximately 1,000 g in the form of
hydroxyapatite crystals, which contain 99% of the
body’s calcium and 80% of its phosphorus, and
water (Cal0 (PO4)s (OH),). These two elements
play an important role in the strength of bones
and are of primordial importance in osteoporosis’.

To achieve peak bone mass, and to prevent its
loss with age, calcium is the most important
nutrient. In addition, calcium has very important
cell metabolism functions, and is fundamental to
the normal functioning of a wide variety of tissues
and physiological processes of the organism, for
which reason a minimum concentration of Ca2*
should be maintained in the blood and in other
extracellular fluids.

The skeleton constitutes the principal organic
reservoir of calcium, where the element performs
two basic functions: the maintenance of structural
integrity and the regulation of metabolic function.
Dietary calcium contributes to its homeostasis in
the body, to the adequate mineralisation of the
osteiod and to the maintenance of the mineral
density and quality of bone.

A lack of dietary calcium never significantly
affects cellular biological functions. The organism
maintains normal levels of extracellular calcium by
means of highly efficient mechanisms for the
mobilisation of calcium from the bone, at the cost
of a deterioration in its quantity, structure and
quality.

The bodily requirements for calcium have been
established on the basis of the dietary require-
ments of calcium for the bone, but should also
cover the extracellular and intracellular needs of

the other tissues®. At the present time, we have
available a consistent combination of tests which
endorse the importance of an adequate supply of
calcium throughout a person’s lifetime, which are
summarised in a number of reports promoted by
various health agencies®’®.

The importance of calcium in the treatment of
osteoporosis has also been established with preci-
sion, and combined with vitamin D, makes up the
key component in any preventative or therapeutic
regime for osteoporosis. The available evidence is
reviewed below.

The clinical practice guide of the Spanish
Society for Bone and Mineral Metabolism Research
(SEIOMM) from 2008 established that supplements
of calcium and vitamin D reduce the incidence of
non-vertebral and hip fractures in women over 65
years of age with insufficient intake of calcium
and vitamin D, and in institutionalised people.
Those patients treated with antiresorptive or ana-
bolic drugs should receive adequate supplements
of calcium and vitamin D (recommendation A).

1.1. Effect of calcium on fractures

Two recent meta-analyses were published in
Endocrine Review' and by the Cochrane
Foundation". From the 66 documents published,
the 23 RCTs (randomised clinical trials) were
selected, out of which 16 were finally chosen in
which the duration was longer than a year, which
included only women, and in which bone mineral
density included lumbar spinal column, hip, distal
third of radius or the whole body with or without
an evaluation of fractures.

15 RCTs were included, with 1,806 postmeno-
pausal women over 45 years of age (amenorrhea
at least 6 months). The women received a place-
bo or between 500 and 2,000 mg daily of calcium
supplements (953 women) which included cal-
cium gluconate, calcium carbonate, calcium citra-
te, with or without vitamin D. If they took vitamin
D (placebo and/or control group) the initial dose
should not be higher than 300,000 UI and the con-
tinuing dose should not be higher than 400 UI per
day. For the analysis of the effect on fractures five
studies were chosen which included 576 women.
A non-significant trend towards a reduction in ver-
tebral fractures was observed in the calcium
group. The relative risk of vertebral fractures was
0.79 (CI 95%: 0.54-1.09, p=0.2), and the risk of
non-vertebral fractures was 0.86 (CI 95%: 0.43-
1.72).

Between these publications and the appearan-
ce of new meta-analyses a number of significant
articles were published. In the RECORD study, in
which were included some 4,700 older patients
(over 70 years of age) with history of fragility frac-
ture, no reduction in the risk of fracture after the
administration of a gram of calcium, with or
without vitamin D, was observed. The four arms
of the study found no protector effect on new
fractures™. It is important to highlight the fact that
the average blood levels of vitamin D (25(OH)D)
of the participants were low at the start of the



study (15 ng/ml) and with an average increase of
9 ng/ml in those who received 800 UI of vitamin
D and of 1.6 ng/ml in those receiving only cal-
cium. It is also notable that in this study a reason
for exclusion was the taking of more than 200 UI
of vitamin D or more than 500 mg of supplemen-
tary calcium, as well as the use of medication acti-
ve on the bone.

Despite this, two years from the start of the
study 5% of patients were taking medicines active
on the bone and 2.8% openly taking calcium-vita-
min D. From this study it may be concluded that
calcium supplements (alone, or associated with
vitamin D), in older patients, with a low level of
vitamin D repletion and previous fragility fractu-
res, are not effective in the prevention of new frac-
tures.

In the WHI study®, 30,282 postmenopausal
women between the ages of 50 and 79 years were
included, with an average daily intake of calcium
of 1,100 mg, who received 1,000 mg of calcium
element and 400 UI of vitamin D daily, divided
into two arms (18,176 with active treatment and
18,106 with placebo). The incidence of fractures in
the hip and other specified locations, was studied,
comparing between groups. The use of calcitonin
or biphosphonates was allowed and more than
half the patients were on HRT (in accordance with
the randomisation among women in the hormonal
therapy triaD). A reduction of 12% in the risk of hip
fracture was observed in the group which took
calcium + vitamin D, although it was not signifi-
cant. There were no significant reductions in clini-
cal vertebral fractures of the arm or wrist, or of
total fractures. However, in the subgroup of
women who adhered to the protocol, the risk of
fracture was reduced (RR=0.71; CI 95%: 0.52-0.97),
although taking into account the high number of
patients who were taking other osteoactive medi-
cation, what may have happened is that the hig-
her adherence to the calcium-vitamin D would
also corresponded to a higher adherence to the
rest of the medication.

More recently, Prince et al." obtained some
similar results and in an intention to treat analysis
found that daily supplements of 1,200 mg of cal-
cium do not significantly reduce the incidence of
fractures, but does so when only the women
adhering to treatment (56.8%) are analysed. This is
a study with a follow up of 5 years, carried out in
1,460 Australian women over 70 years of age (ave-
rage age 75), randomised, double blind and place-
bo-controlled. The treatment group received a
tablet of calcium carbonate (600 mg) at each meal.
17.5% of the placebo group had suffered after 5
years at least one clinical fracture, as against 15.1%
of those who received calcium supplements
(HR=0.87; CI 95%: 0.67-1.12). Nor were there sig-
nificant differences in the appearance of new ver-
tebral fractures evaluated by densitometric mor-
phometry (11.1% with placebo vs 10.2% with cal-
cium. HR=0.95; CI 95% 0.78-1.17).

In the 830 women with good adherence to tre-
atment (who took = 80% of the tablets), the num-
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ber of new fractures at 5 years was significantly
lower in those who took calcium with respect to
those of the placebo group (10.2% vs 15.4%.
HR=0.66; CI 95%: 0.45-0.97). The difference was
for a combination of any fracture, not specifically
for hip fracture (0.7% with placebo vs 1.2% cal-
cium), or for clinical vertebral fracture (2 vs 2.1%
for placebo and calcium respectively). There was
a tendency to a reduction in new vertebral defor-
mities in the group with calcium (7.2% vs 10.5%
with placebo. HR=0.83; CI 95%: 0.65-1.05). The
analysis restricted to those women who complied
with treatment was pre-planned in the protocol of
the study. It should also to be noted that the ave-
rage intake of calcium was approximately 900
mg/day in all the groups, and that in an analysis
of a randomised subgroup of 81 women blood
levels of 25(OH)D were 27 ng/ml (to convert to
nmol/l, multiply by 2.5) on average in winter and
35 ng/ml in summer. None of these women had
raised levels of blood PTH.

In the year 2007 three meta-analyses on the
effects of calcium were published with apparently
contradictory results.

Boonen et al.”, with the objective of extending
the results of the meta-analysis of Bischoff-Ferrari
which showed that a dose of 700-800 UI daily of
vitamin D would reduce the risk of hip fracture by
25%, examined the additional need of calcium in
these results. After a systematic search and using a
random effects model, 4 randomised trials (9,083
patients) were analysed which had a relative risk
of hip fracture of 1.10 (CI 95%: 0.89-1.36) for vita-
min D alone, without heterogeneity being found.
The 6 trials of calcium and vitamin D (45,509
patients) showed a RR of 0.82 (CI 95%: 0.71-0.94),
also without heterogeneity. An indirect compari-
son, adjusted, of the relative risks of the preceding
meta-analyses for the RR of hip fracture with vita-
min D and calcium as opposed to vitamin D alone
was 0.75 (CI 95%: 0.58-0.96), which leads the
authors to conclude that vitamin D appears to
reduce the risk of hip fracture, but only when the
supplementation is carried out with calcium.

Tang et al.”, published a meta-analysis which
includes randomised trials in which calcium or cal-
cium plus vitamin D were administered in the pre-
vention of fractures or of bone loss. In this study
they drew data from 29 trials (n=63,897) and used
a random effects model. In those studies whose
outcome variable was the fracture (17 trials,
n=52,625), the treatment was associated with a
reduction in risk of 12% (RR 0.88, CI 95%: 0.83-
0.95; p=0.0004). The reduction in risk of fracture
(was) 24% higher in those trials in which adheren-
ce was higher (p=0.0001). The effect of treatment
was also better when a dose of 1,200 mg or hig-
her was used (0.80 vs 0.94; p=0.006), and when a
dose of vitamin D higher than 800 Ul/day (0.84 vs
0.87; p=0.03) was used. For the authors the evi-
dence supports the use of calcium (1,200/day or
more), alone, or accompanied by vitamin D (= 800
Ul/day) in the preventative treatment of osteopo-
rosis in people over 50 years of age.
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The third meta-analysis contains data truly con-
tradictory with the previous analyses. Bischoft-
Ferrari et al.”, after publishing an earlier meta-
analysis" which evidenced the beneficial effects of
vitamin D at doses higher than 600-800 Ul/day on
non-vertebral fractures and those of the hip, and
participating in the meta-analysis of Boonen", pre-
sented in a new meta-analysis the evaluation of
the effect of the intake of calcium on the risk of
hip fracture, including cohort studies and clinical
trials. In women (7 prospective cohort studies,
170,991 women with 2,954 hip fractures), no asso-
ciation was found between the total intake of cal-
cium and hip fracture (RR for each 300 mg of cal-
cium/day 1.10; CI 95%: 0.97-1.05). In men (5 pros-
pective cohort studies, 68,606 men, 214 hip fractu-
res), the RR per 300 mg of daily intake of calcium
was 0.92 (CI 95%: 0.82-1.03). Based on 5 clinical
trials (n=5,666 women and 1,074 men) with 814
non-vertebral fractures which compared calcium
supplements (800-1,600 mg/day) with a placebo,
it was 0.92 (CI 95%: 0.81-1.05). In the 4 trials
which had separate trials for hip fracture (6,504
subjects with 139 hip fractures) the RR between
calcium and placebo was 1.64 (CI 95%: 1.02-2.64).
The sensitivity analysis including 2 small additio-
nal trials or protocol results, did not modify the
results, for which reason Bischoff et al. suggested
that calcium intake is not significantly associated
with hip fracture. The combination of the results
of the controlled trials did not show a reduction in
the appearance of hip fractures, it even being pos-
sible that their incidence increased with the sup-
plements. On non-vertebral fractures, the effect
was neutral in the controlled trials.

Therefore, although the supplements of cal-
cium and vitamin D appear to clearly reduce the
incidence of non-vertebral and hip fractures in
women over 65 years of age with an insufficient
intake of calcium and vitamin D, and in institutio-
nalised people, the effects of calcium alone on
osteoporotic fractures are not well demonstrated,
which means that further studies with better qua-
lity methodologies are necessary.

1.2. Effect of calcium on bone mass

The review by the Cochrane' revealed that the
administration of calcium is more effective than
the placebo in reducing the rate of bone loss after
two or three years of treatment.

Calcium supplements by themselves had a redu-
ced positive effect on bone density. Small but sig-
nificant effects were found of the calcium supple-
ments on bone loss during a period of two years,
and a greater effect was observed for calcium citra-
te on total bone mass and of that in the hip, but
with an opposite tendency in the spinal column.

In the WHI study higher bone mass values
were observed in the group with received calcium
and vitamin D with respect to the placebo, throug-
hout the period of the study (9 years); at the end
of this period bone mass remained stable in the
total hip in the group with calcium and vitamin D
vs a loss of 1.3% in the placebo group®.

The supplementation of milk products (800 mg
of calcium and 240 UI of vitamin D) is associated
with a reduction of 50% in the loss of bone mass
after two years, accompanied in the treated group
by a decrease in the values of PTH and an incre-
ase in values of vitamin D".

In women who took calcium, at 5 years the
following was observed: 1) in ultrasound of the cal-
caneum and in analysis adjusted for age, the body
mass index (BMID) and compliance in taking the
tablets, there was a significant increase in BUA
(Ultrasound Attenuation Index) and elasticity, but
not in transmission velocity. 2) in the DXA densito-
metry, a lower loss of bone mineral content (BMC)
and area, but not in BMD in the femoral neck and
total body, either in the analysis without adjustment
or in that adjusted for age, BMI and compliance
with taking the tablets. There was no difference in
other areas measured. 3) in the peripheral QCT at
the radius there was a higher cortical volume, with
a favourable effect on the resistance indices".

In the meta-analysis of Tang et al.*® cited
above, and in those trials in which the variable
evaluated was the change in BMD (23 trials,
n=41,419), the treatment was associated with a
reduction of bone loss in the hip of 0.54% (0.35-
0.73; p<0.0001) and in the spine, a reduction of
1.19% (0.76-1.61%: p<0.0001).

Those studies which investigated the effect of
calcium supplements of atypical origin, such as
oyster shells, sea weed, powdered egg, vitamin
supplements, etc, described minimum changes in
bone mass or of markers for bone remodelling
when compared with a placebo, and no differen-
ce when compared with calcium carbonate**,

Calcium supplements, especially if associated
with vitamin D, are efficacious in the reduction of
loss of bone mass.

1.3. Effect of calcium on markers for bone
remodelling

In a randomised study which included 99 postme-
nopausal women (66 years of age and with 15
years of menopause), no significant changes were
observed in bone mass in the long term, nor in the
values of PTH, in women who received 1,450 mg
calcium plus 400 UI of vitamin D, with respect to
a group of patients who received dietary instruc-
tion to achieve a calcium intake higher than 800
mg/day, with the ideal aim of achieving 1,450 mg.
A greater decrease in PTH observed in the two
groups with supplements was only observed in
the first year of treatment®. This study would sup-
port the similarity of effects of dietary and medici-
nal calcium.

In the study of Prince et al." a significant
reduction was observed at 5 years in blood levels
of PTH in the group treated with calcium compa-
red to those treated with a placebo. In a study of
30 young women without metabolic bone disease,
the administration of calcium, divided into two or
four doses over the course of the day, influenced
neither the PTH response nor that of the markers
for bone remodelling®.



The effects of calcium were independent of
whether it was taken in the morning or at night.
The calcium supplements had no significant
effects on the markers for bone resorption, nor for
formation. These results cannot be extrapolated to
postmenopausal women with osteoporosis.

A small heterogeneous study showed that
changes in calcium intake modify, in the short-
term, the circadian rhythm of bone resorption®. In
another prospective, randomised, double blind,
factorial study* the differential effect of 300 mg
calcium daily — in two formulations of skimmed
milk - on markers for bone remodelling in healthy
postmenopausal women (n=117; aged between 49
and 71 years, with 10 or more years postmenopau-
se) was determined; their previous dietary intake
of calcium was less than 750 mg/day. Group A (34
people) were administered skimmed milk fortified
with calcium, phosphorus, lactose and vitamin D;
(1,200 mg of calcium and 5.7 micrograms of vita-
min Dy each day). Group B (39 people) were
administered skimmed milk fortified with vitamin
D (900 mg of calcium and 5.7 grams of vitamin Dy
daily). The bone alkaline phosphatase was not
modified. In both groups the PICP showed a sig-
nificant reduction during the study, but without
any difference between the groups. No differences
were observed in NTx and only small differences
were observed in Pyridinoline and D-Pyridinoline.
The average value of 25(OH)D, which was obser-
ved after 6 months, increased by 5.56 ng/ml in
group A and decreased 1.005 ng/ml in group B.

Taking all the available data together, the cal-
cium supplements appear to have little effect on
the markers for bone remodelling.

1.4. Adverse effects of calcium

In the RECORD study the gastrointestinal symptoms
were more acute in the calcium group (16.4%)
compared with the vitamin D group (11.9%)". In
the WHI study a significant increase in the appea-
rance of renal lithiasis was observed (RR 1.17; 1.02-
1.34) in the group which received supplements of
calcium carbonate and vitamin D, with a baseline
intake of calcium of 1,100 mg/day and receiving
1,000 mg of calcium and 400 UI of vitamin D.

A recent meta-analysis using data from 5,500
women who participated in trials with calcium
monotherapy would suggest that the risk of hip
fractures increases (RR of 1.5, CI 95%: 1.06-2.12)",

Bolland et al.”’, in a secondary analysis using
data from an earlier trial published two years befo-
re by the same group in the American Journal of
Medicine, evaluated in 1,471 postmenopausal
women with an average age of 74 years, the risk
of acute myocardial infarction and stroke, or both,
with 732 taking calcium supplements and 739 a
placebo. They had a greater risk of suffering an
acute myocardial infarction (RR 2.12, CI 95%: 1.01-
4.47) and a greater tendency to suffer a cardiovas-
cular event of the three types evaluated (acute
myocardial infarction, sudden death, or stroke).

This conclusion has generated great contro-
versy, with supporters® and critics®, and suggests
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a review of the appropriateness of administering
calcium as a monotherapy or associated with vita-
min D, as well as determining what the optimum
dose should be so as not to cause harmful cardio-
vascular effects, and, in any case necessitates new
studies which include these variables as primary
objectives.

1.5. Physiology of calcium absorption

In addition to the quantity of calcium provided by
the diet, the absorption of dietary calcium is a cri-
tical factor in determining its biological availabi-
lity, which means that it is essential to review how
this happens.

Calcium from food is found in the form of salts
and/or is associated with other constituents in the
form of complexes or ions of calcium (Ca*). In
physiological conditions it is absorbed mainly in
the small intestine, which is responsible for 90% of
the absorption, progressively decreasing in the
duodenum>jejunum=>ileum.

The capacity of the small intestine to absorb
calcium contained in the diet depends also on the
amount of calcium present, the solubility and ioni-
sation of the calcium salts, both pH-dependent,
and the availability of vitamin D. But not all the
salts and complexes of calcium dissolve or ionize
in the same proportion. For example, it is a para-
digm that calcium carbonate is barely soluble at a
high pH, and that gastric acid is critical for its
absorption®.

Various factors affect the efficiency of intestinal
absorption of calcium, which depends on the
physiological needs of the organism. When these
increase, the efficiency of the absorption does the
same; thus growth, pregnancy and lactation stimu-
late the intestinal absorption of calcium, while
aging reduces it. For these physiological adapta-
tion mechanisms to meet the necessities of the
organism, an adequate level of vitamin D is requi-
red. Thus, a low supply of calcium in the diet in
relation to the needs of the organism, increases
the proportion of intestinal calcium absorbed by
means of a mechanism which modifies the meta-
bolism of vitamin D, lipid composition and the
fluidity of the intestinal membranes.

The absorption of dietary calcium, generically,
diminishes with a higher content of fat, fibre,
phytates, oxalates or caffeine, and increases with
lactose and the protein content of the diet.

1.5.1. Gastric secretion and absorption of cal-
cium

The absorption of calcium ingested in food or in
dietary or pharmacological supplements depends
to a great extent on the gastric secretion of
hydrochloric acid.

The highly acid medium of the stomach, and
less so of the proximal duodenum, is a fundamen-
tal endogenous factor in releasing the ingested
calcium from the matrix of the food and in facili-
tating its intestinal absorption. Most of the salts or
compounds of calcium require hydrochloric acid
to be converted into soluble ionic calcium (Ca*) in
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Figure 1. Calcium from foods is mostly absorbed in the small intestine under the influence of vitamin D. For it to
be absorbed it is necessary for it to be dissolved and ionised in the stomach and proximal duodenum by the action
of the hydrochloric acid in the stomach. Hypochlorhydria for whatever reason reduces the ionisation of calcium
and therefore its availability to be absorbed. The resulting hypocalcemia increases the secretion of the parathyroid
hormone (PTH), which increases bone resorption and contributes to the development of osteoporosis
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such a way that if the secretion of gastric acid is
inhibited or suppressed the calcium salt is not suf-
ficiently dissociated in the stomach or proximal
duodenum, resulting in a malabsorption of cal-
cium, with a negative organic balance of calcium
and loss of bone quality and quantity®. (Figure 1).

An increase in the secretion of gastric acid
corresponds with a higher solubility and better
absorption of calcium, which diminishes during
fasting, as well as in patients with reduced gastric
secretion for whatever reason, and which is pro-
portional to the capacity of dissociation of the cal-
cium salts®*.

For example, the absorption of calcium in
patients with achlorhydria, is significantly higher
with calcium citrate than with calcium carbonate
(Recker, 1985). In achlohydric patients, the avera-
ge absorption of calcium citrate was some ten
times higher than with calcium carbonate (cal-
cium: 0.453 = 0.88 vs 0.401 + 0.038 in blood and
0.047 = 0.009 vs 0.052 £ 0.018 in urine)*. The
absorption of calcium citrate during fasting has
been shown to be higher than that of lactogluco-
nate and of calcium carbonate in different studies
and using various techniques, which implies a
lower participation of the gastric acids, due to
their better dissociation and ionisation®**,

The importance of gastric excretion in the
absorption of dietary calcium is critical, and has
great clinical importance in patients with hypoch-
lorhydria or achlorhydria, for whatever cause: des-
truction or loss of physiological functioning of the
gastric parietal cells, autoimmunity, associated
with aging; iatrogenic, due to total gastrectomy or

bariatric surgery using bypass techniques®, or due
to medical treatment with protein pump inhibitors
(PPD), or histamine H2 receptor antagonists, used
for the treatment of gastro-oesophageal reflux or
gastric ulcers. (Figure 1).

Treatment with omeprazol reduces significantly
the absorption of calcium carbonate taken when
fasting in postmenopausal women aged between
65 and 89 years®. Although there are some discre-
pancies between authors”, this action is consistent
with data published recently in animals deficient
in TCIRG1, which codes for a basic component of
the proton pump for the maintenance of the sto-
mach’s acidity® and explains the association des-
cribed between the use of PPI drugs and/or hista-
mine H2 receptor antagonists and osteoporotic
fractures.

A case controlled study with a small number of
cases (n=350) evaluated the association between
the taking of histamine H2 receptor antagonists
(cimetidine) and hip fractures with an adjusted
odds ratio (OR) of 2.5 (1.4-2.6)2.

Of greater importance is the association descri-
bed between the use of PPI and osteoporotic frac-
tures®, evaluated in three case controlled studies*°.

Evaluating all fractures in patients in the United
Kingdom older than 50 years of age who had used
PPI for more than a year Yang et al.* found an
adjusted odds ratio=1.44 (1.30-1.59).

The duration of treatment and average daily
dose was associated significantly with the risk of
fracture, >1.75 times the average, and during more
than a year of treatment the adjusted odds ratio
was 2.65 (1.80-3.90).
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Figure 2. Once in a soluble and ionised form the Ca*

is absorbed through the intestinal epithelium by two

transport mechanisms: 1) transcellular, active, metabolically controlled by vitamin D and 2) paracellular, passi-
ve, non-saturable, through the hermetic bonds between the cells and driven only by the electrochemical gra-

dient of the Ca** (Modified from Hoenderop, 2005)
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In Danish patients, and considering only hip
fractures, Vestergaard et al.® found an adjusted
OR=1.18 (1.12-1.43) for the use of PPI for the year
before the study.

However, a study carried out in Manitoba,
Canada, which included vertebral, wrist and hip frac-
tures in patients over 50 years of age, the relations-
hip between the taking of PPIs and osteoporotic
fracture was not significant after up to 7 years of con-
tinuous treatment (adjusted OR=1.92, 1. 16- 3.18)".

With the evidence available at the present time,
in patients who comply with appropriate indica-
tions for treatment with drugs which inhibit gastric
secretion (e.g. gastro-oesophageal reflux, gastro-
duodenal ulcers, treatment of Helicobacter pylori,
dyspepsia and gastritis) and at the correct dose,
and with the experience of intervention studies
which confirm the association of drugs which
inhibit gastric secretion with the reduced absorp-
tion of calcium and its impact on osteoporotic
fractures, it is not possible to indicate the withdra-
wal of these treatments. However, due to the great
impact which they have on the absorption of cal-
cium, we need to be highly rigorous in the indica-
tions for use, dosage and duration of their use.

In any case, in these patients, it is necessary to
enhance the obtaining of calcium through the diet,
essentially through milk or its derivatives, given
that the calcium contained in these products is dis-
sociated enzymatically with greater ease”, and that
lactose and milk proteins favour its absorption; if
unavailable, we need to use easily ionisable salts
of calcium such as calcium citrate, gluconate or
pidolate, and which can be taken between meals.

Calcium carbonate should always be administered
with a meal.

In patients who have been gastrectomised for
whatever reason, or with demonstrable evidence
of functional alterations in the parietal cells,
autoimmune or associated with aging, similar
should be indicated action.

1.5.2. Intestinal absorption of calcium.
Epithelial transport

Once in a soluble and ionised form, the calcium is
absorbed through the intestinal epithelium by two
transport mechanisms: transcellular, controlled
metabolically, and the other, non-saturable passi-
ve, by means of the hermetic seals between the
cells, driven only by the electrochemical gradient
of Ca*, called paracellular’”*. (Figure 2).

1.5.2.1. Paracellular transport of calcium
The intestinal epithelium is configured by a conti-
nuous layer of individual cells with narrow intra-
cellular spaces between them, which allows the
diffusion of ions and small molecules”*®. The para-
cellular route needs to be regulated by the epithe-
lium to maintain a selective permeability. The her-
metic seals are a barrier to movement by this
route, and are a specialised part of the membrane
located in the apical region of the enterocyte.
The movement of the Ca* through the herme-
tic cellular seals is a passive process which hap-
pens when the diffusible calcium which reaches
the lumen of the small intestine is normal or high.
Therefore, it is when the calcium salts are more
susceptible to dissociate themselves into diffusible
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Ca* that the flow of calcium through this path is
highest. The physiological regulation of the para-
cellular route is not controlled by the endocrine
system of vitamin D, as the transcellular route is,
but its absorption depends on the dietary supply
of diffusible Ca*.

1.5.2.2. Transcellular transport of calcium

The active transport of calcium through the cell
(transcellular) in the small intestine takes place in
three stages: 1) entry of Ca* through the (hetero)
tetrameric epithelial Ca*, channels TRPVS5 and
TRPVO, located on brush border; 2) bonding of
Ca* to calbindin D9K with which it spreads up to
the basolateral membrane, where 3) by means of
a ATP-dependent Ca*-ATPase pathway (PMCA1b)
and an Na*/Ca* (NCX1) interchange it is expelled
into the intracellular space. Hence a net absorp-
tion of Ca* is produced from the intestinal lumen
into the extracellular compartment. (Figure 2).

The entry of Ca* through the apical membrane
of the enterocyte is facilitated significantly by the
electrochemical gradient, because the concentra-
tion of Ca* within the cell (107 to 10° mol/L) is
considerably lower than in the intestinal lumen
(10° mol/L), and the cell has an electronegative
potential in relation to the intestinal lumen.
Therefore, the movement of Ca* through the api-
cal membrane has no energy cost.

However, each step in the transcellular move-
ment of Ca* has a component dependent on 1,25-
dihydroxyvitamin Dj [1,25(OH),D; or calcitrioll,
which is a function of the status of vitamin D in
the body (blood levels of 25(OH)Dj). Although
1,25(0OH),D5 induces the expression of the cal-
cium channels, calbindin and extrusion systems, it
is thought that calbindin Dy is the most limiting
molecule to the transcellular transport of cal-
Cium47'48.

When the supply of Ca* is sufficient, the
synthesis of 1,25(OH),D; is inhibited and the
transcellular transport is saturated, which means
that the paracellular absorption mechanism beco-
mes predominant, while on the other hand, it is
when the supply of Ca* is limited that the satura-
ble transcellular mechanism plays the predomi-
nant role.

If there is a high quantity of the type of salt
which is less soluble and ionisable, it may be suf-
ficient to saturate the transcellular mechanism |
but not sufficient to significantly enhance the
paracellular transport. However, if a food or a
soluble and ionisable calcium salt is administered,
once saturated, the transcellular process may con-
tinue to absorb it through the paracellular mecha-
nism. This circumstance is illustrated by the work
of Sheik et al.”®, in young people, in whom an
increase in the intake of calcium in foods from 502
to 1,071 mg/day results in a doubling of its
absorption.

With aging, the adaptive physiological mecha-
nisms for the enhancement of the absorption of cal-
cium are highly deteriorated. The availability of vita-
min D is greatly reduced, and the process for the

gastric conversion of calcium into Ca* is generally
not efficient, which means that it is advisable that
the supply of calcium be provided through foods
which contain easily diffusible and ionisable salts.

In addition to the main absorption of calcium
(90%) in the small intestine, a residual but impor-
tant part happens in the colon, which may be
enhanced by acid fermentation. Various consti-
tuents of foods have classically been considered
enhancers to the absorption of calcium, notably
some of the components of milk such as lactose,
lactulose and casein phosphopeptides™, and some
oligosaccharides®.

1.5.3. Provision of calcium through dietary
ingestion

In most Western countries, including Spain, the
highest proportion of dietary calcium (60-70%)
comes from milk and its derivatives, yoghurts or
cheeses. With the exception of almonds and
other nuts, some blue fish and small fish such as
whitebait or anchovies eaten with their bones,
octopus, some vegetables such as chard, cardoon,
lettuce, curly endive, endive, spinach or beet tops,
normal food products have little calcium (Table 1),
except for flour which may have been enriched
with calcium®.

The evaluation of the dietary intake of calcium
may be carried out by a self-filled survey, using a
questionnaire which contains all the contents shown
in Table 1. A record of all the foods eaten each day
is taken over seven days, and using a simple calcu-
lation the average daily amount of calcium taken
every day is made. Although this procedure has the
possibility of bias on the part of the patients, whose
answers generally tend to be on the high side, it is
a procedure which is easy to manage and accepta-
ble for normal clinical practice®.

When an evaluation of this kind is made and
dietary advice given, it is important to consider the
new types of milks and supplemented milk deri-
vatives with a range of types and quantities of cal-
cium, which increase in varying amounts the die-
tary supply of calcium.

The amount of calcium contained in mineral
waters should also be evaluated®>. It is also worth
considering that as well as supplying calcium,
waters rich in calcium bicarbonate, due to their
effect on the acid-base equilibrium and the cal-
cium-phosphorus homeostasis, are more healthy
than others which may contain other calcium
salts®*.

1.5.4. Influence of dietary calcium on the
treatment of osteoporosis
The ingestion of foods rich in calcium and/or cal-
cium supplements is fundamental for the mainte-
nance of a positive calcium balance and conse-
quently, for skeletal integrity, and is recommen-
ded for the prevention of osteoporosis and its frac-
tures by all the agencies and scientific societies™.
However, the influence and importance of die-
tary calcium in the prevention of osteoporotic
fractures is open to discussion®. A paramount pro-
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Table 1. Calcium content in rations used in the habitual diet

Portion size Foods calcmi%lm
Milk products
1 cup (200 mD) Whole, semi-skimmed, skimmed milk (with or without vitamin D) 250
1 cup (200 mD Milk supplemented with calcium 320
1 container (125 g) | Normal, bio, fruit, skimmed, junket 225
1 container (125 g) | Yogurt or junket with calcium 250
2 slices (50g) Semi-cured Manchego cheese 400
1 piece (100 g) Burgos cheese 300
1 piece (100 g) Curd cheese 100
2 slices (50 g) Creamy cheese like Brie or Camembert 200
2 slices (50 g) Emmental, Edam, Parmesan, Gruyere, cured Manchego 550
2 slices (50 g) Sandwich cheese 125
1 portion (20 g) Creamy cheese in triangles like “El casiero” 55
1 small jar “Petit Suisse” type 60
1 portion/container | Creme caramel, custard desserts, rice pudding, creamy ice cream...Cereals 120
Cereals
100 g White or wholemeal bread 30
1 racion Pastrie.s (@] medium madeleines, 1 croissant, 1 “ensaimada”, 120

4 “Maria”- type biscuits, etc...

Fruits and vegetables
200 g 1 half orange or two medium mandarins 50
1 plate Chickpeas, beans, in stews (“potage”, “cocido”, “fabada”™) 75
1 plate Chard, cardoon (approximately 200-250 g) 250
1 plate Spinach, beet tops (“grelos” and “nabizas”) 150
1 plate Lettuce, curly endive, endive 40
1 plate Green beans 140
1 plate Cabbage (“col” and “repollo”) 75
Fish
1 plate (200 g) Fresh sardines, anchovies, herring 100
1 can Tinned sardines 200
1 plate Small fish with their bones (anchovies, etc...) 80
1 plate Squid, prawns, shrimps (150g) 100
1 plate Octopus (150g) 170
1 plate Other fish - hake, monkfish, etc... 50
1 plate Clams, mussels, snails, barnacles 40
Meat
1 plate Meat (steak, quarter chicken, 100 g of other meats) 30
Various
1 portion 5 Figs, filled with almonds or hazelnuts 50
1 small plate Olives 50
1 egg 30
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blem is the necessity for major studies to provide
consistent evidence of this relationship given that
the effect is probably modest. A recent meta-
analysis reported that a low intake of milk pro-
ducts was associated with a higher risk of fractu-
re, although this only became statistically signifi-
cant in the case of those aged over 80 years®.

Another significant problem is that there are
few studies in which only calcium is administered,
without vitamin D, whether as a supplement in
milk*, or as a pharmacological supplement. In a
study of 1,471 postmenopausal women treated
with a gram of calcium citrate daily over five
years, although the BMD increased the study sho-
wed no significant reduction in the risk of fractu-
re®. In other prospective clinical trials calcium
increased BMD in postmenopausal osteoporotic
women®.

Bischoft-Ferrari et al.” in a meta-analysis which
included five clinical trials (5,666 women and
1,074 men, with 814 non-vertebral fractures),
reported that the aggregated RR of non-vertebral
fractures of those supplemented with calcium
(800-1,600 mg/day) vs the placebo was 0.92 (0.81-
1.05). When 4 clinical trials with separate results
for hip fracture were considered (6,504 subjects
with 139 hip fractures) the aggregate RR between
calcium and placebo was 1.64 (1.02-2.64). This led
the authors to conclude that dietary calcium or
calcium taken as a supplement does not prevent
the risk of hip fractures in men or in women, and
in evaluating intervention studies it may even
increase them by up to 64%.

However, other results are given by the meta-
analysis of Tang et al."® which included 29 studies
with 63,897 patients, 92% women with an average
age of 67.8 years. The effects of calcium alone or
in combination with vitamin D were analysed in
16 and 13 trials respectively. These studies, which
included 5 describing the effects of treatment on
fracture, 12 on BMD and 12 on both, although no
studies with dietary calcium were used, indicated
that calcium alone or in combination with vitamin
D is associated with a reduction of 12% in the risk
of fractures (RR=0.88, 0.83-0.95; p=0.0004), with a
slight reduction in the diminishing of bone loss in
the hip, 0.54% and in the spinal column, 1.2%. The
vitamin D supplements < 800 UI daily (20 ug) did
not modify the actions induced by the calcium.
The effect of the treatment was increased in insti-
tutionalised people, in people over 70 years of
age, in thin people who had previously had a low
dietary intake of calcium, and when the intake of
calcium was = 1,200 mg/day and a dose of vitamin
D 800 = Ul/day was used.

The efficacy of the treatment observed in the
meta-analysis also increased when compliance was
high (24% reduction in risk of fracture when com-
pliance was higher than 80%). Poor compliance
with treatments which provides calcium and vitamin
D through supplements is a normal occurrence in
the majority of clinical trials, which may explain, in
part, the negative results of certain clinical trials™"
and justify the provision of dietary calcium.

The meta-analysis of Tang et al. is in agree-
ment with Avenell et al.* and Boonen et al.”.

The apparent inconsistencies between studies
are essentially the result of various determining
factors: 1) an appropriate compliance with recom-
mendations, 2) variability in the absorption of cal-
cium determined by factors such as the secretion
of gastric acid or the influence on the absorption
of other food components, 3) the possible modu-
lation of the risk of fracture by other dietary fac-
tors, such as the taking of a sufficient quantity of
proteins, the dietary composition of the food in
general or the status of vitamin D in the body, of
great importance, not only in the transcellular
intestinal absorption of calcium, but also on mus-
culo-skeletal function and its direct action on bone
health, modifying the risk of fracture.

Together, the evidence supports the recom-
mendation for the use of calcium (= 1,200
mg/day), and preferably accompanied by vitamin
D (= 800 Ul/day), in the preventative treatment of
osteoporosis in people over 50 years of age and
endorses the recent NIH consensus indicating the
importance of calcium supplements in reducing
the risk of osteoporosis®.

On this basis, the guide to clinical practice of
the Spanish Society for Bone and Mineral
Metabolism Research (SEIOMM) of 2008 establis-
hed that supplements of calcium and vitamin D
reduce the incidence of non-vertebral and hip
fractures in women over 65 years of age with an
insufficient intake of calcium and vitamin D, and
in institutionalised people. It was established, with
a grade of recommendation of A, that those
patients treated with anti-catabolic or anabolic
drugs should receive adequate supplements of
calcium and vitamin D?.

In 2006 the North American Menopause
Society (NAMS) published a position document
supporting the role of calcium in association with
sufficient vitamin D, in the reduction of bone loss
in peri-postmenopausal women, and in the reduc-
tion of fractures in women over 60 years of age
with a low intake of dietary calcium’.

NAMS recommends for the treatment of osteo-
porosis in postmenopausal women that they take
1,200 mg of calcium and 700-800 UI of vitamin D
each day, which they estimate is enough to main-
tain sufficient blood levels of 25(OH)D from vita-
min D (= 30 ng/mL) (see below). Foods are
recommended as the preferred main source of cal-
cium, with foods enriched with vitamin D as alter-
native sources’.

Earlier, the clinical guide to osteoporosis in
Canada, published in 2002, recommended taking,
preferably in the diet, at least 1,500 mg of calcium
and 800 UI daily of vitamin D*, and the endocri-
nologists of the United States confirmed the requi-
rements for vitamin D and established a daily inta-
ke of calcium of 1,200 mg®.

More recently, the European guide for the
diagnosis and treatment of osteoporosis recom-
mends the use of at least 1,000 mg of calcium and
800 UI of vitamin D daily®. The National



Osteoporosis Foundation (NOF) in its guide for
the prevention and treatment of osteoporosis sup-
ports the recommendation of the National
Academy of Sciences (NAS)*® and recommends
that everyone should have an adequate intake of
calcium, at least 1,200 mg each day, adding sup-
plements to the diet when necessary, and 800-
1,000 UI of vitamin D.

Intakes of calcium higher than 1,200-1,500 mg
per day have limited potential benefits, and may
increase cardiovascular risks or result in associated
renal lithiasis®. Although the American and
European agencies give 2,500 mg as a safe maxi-
mum daily intake of calcium, the possible appea-
rance of cardiovascular effects or other adverse
effects such as renal lithiasis, means that the quan-
tity of calcium recommended as safe could pro-
bably be lower”.

In any case, given the intimate relationship bet-
ween the status of vitamin D in the body and the
absorption of calcium, recommendations as to the
levels of calcium intake should not be made generi-
cally, rather in relation to blood levels of vitamin D™.

1.5.5. Intake of calcium in Spain. The neces-
sity of improving the intake of calcium in
Spain

The dietary intake of calcium is below the recom-
mendations of the agencies and societies in most
of the surveys carried out. When the surveys con-
sider all food eaten, the intake of dietary calcium
is 991 + 359 mg daily for Orozco et al.”'; 1,074 +
374 mg/day for Bruyere™, 1,019 + 470 mg/day for
Quesada et al? and 1,326 + 588 mg/day for
Ubeda™.

The estimated intake of lactic calcium is 70%,
and 30% in other foods, which means some 200-
400 mg/day*”. On this basis surveys have been
carried out to calculate the intake of calcium deri-
ved from milk products, with an average consump-
tion of milk products being report of 684 mg/day*,
699 mg/day” 788 mg/day” 769 mg/day” 783
mg/day”, 569 mg/day™ and 909 mg/day”.

A case controlled study of 410 patients (342
women and 68 men 83 + 7 years with hip fractu-
re vs 544 controls (339 women and 205 men of 77
+ 9 years) evaluated calcium intake derived from
milk products which was 574 + 326 in the controls
vs 645 + 359 mg/day in those without fractures
(p=0.002)".

Calcium administered in the diet has various
advantages over its pharmacological administra-
tion in the form of supplements, the most impor-
tant of which is that it itself optimises gastric pH,
which facilitates its absorption. The patient does
not have the feeling that they are in treatment,
which means a great improvement in quality of
life and improving adherence, essential in chronic
treatments.

We should note though that a patient who
does not take milk products for whatever reason
will not in most cases achieve the 400 mg of daily
calcium obtained from other foods from the daily
diet.
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2. Vitamin D

More than 90% of vitamin D is provided to the
organism by exposure to sun and something less
than 10% from the normal or supplemented diet.
Normal foods contain very little vitamin D, unless
they are supplemented, and in Spain few are, and
in minimum quantities. In the epidermis, the ultra-
violet B (UVB) radiation with a wavelength of bet-
ween 290 and 315 nm converts 7-dydrocholesterol
by means of a photochemical reaction into pre-
vitamin Dj, which is rapidly converted into vita-
min Dj. Excessive UVB irradiation does not pro-
duce vitamin D intoxication because the re-vita-
min D3 and vitamin D synthesised to excess are
broken down in the skin into biologically inactive
metabolites®.

Although there is a family of products with
vitamin D activity, generally speaking, when we
talk of vitamin D we refer both to vitamin Dy
(colecalciferol) and to vitamin D, (ergocalciferol),
the first produced in human beings, and the
second obtained by the irradiation of ergosterol
contained in yeasts.

The vitamin D from the diet, absorbed by
chylomicron fraction or synthesised in the skin,
and later also its metabolites, circulate bonded to
a transporter protein (DBP). In the liver it under-
goes hydroxylation by the action of 25 hydroxyla-
se (25-Oase; CYP27A1) to form calcifediol
(250HD3). Calcifediol has a high concentration
and a long half-life, of two or three weeks, which
is why it is used to evaluate the status of vitamin
D in the body (see below), and it constitutes a sui-
table substrate for the formation of 1,25 dihy-
droxyvitamin D (1,25 (OH),D; calcitrioD), a hormo-
nally active metabolite of the vitamin D endocrine
system® .

In the plasmatic membrane of the tubular renal
cells, the (250HD;)-DBP complex bonds with
megalin, the protein which introduces the com-
plex into the cell, where the 250HD; is released,
and in the mitochondria, by the action of 25-
hydroxyvitamin D-lahydroxylase (1-aOHase;
CYP27B1D) 1,25 (OH),D is synthesised, whose
principal endocrine function is the maintenance of
calcium homeostasis, essential in many metabolic
functions, neuromuscular transmission and bone
mineralisation, acting in the intestine, parathyroid,
bone and kidneys**.

In the intestine the 1,25(OH),D acts on the
receptors of the membrane and binds with its
nuclear receptor, the vitamin D receptor (VDR),
forming the structure 1,25(OH),D-VDR, which in
the nucleus forms a heterodime with the receptor
for retinoic acid (RXR) forming the complex
1,25(OH),D-VDR-RXR in the nucleus, which
bonds with response elements of vitamin D
(VDRE) of various genes, among which are those
of the epithelial canal of calcium, which facilitates
the entry of calcium into the cell, and also the cal-
cium binding protein (CaBP, calbindin 9K), which
facilitates the translocation of the capillaries.
1,25(OH),D also facilitates the absorption of phos-
phorus in the small intestine®*.
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The contribution of vitamin D is essential for
the intestinal absorption of calcium through the
saturable cellular pathway, above all when the cal-
cium is provided through foods or not easily ioni-
sable compounds. Calcium and phosphorus are
essential for the correct production of mineralisa-
tion.

When a deficiency of vitamin D occurs there is
a 15% drop in the absorption of calcium and up to
60% in that of phosphorus, reducing the level of
ionised calcium in the blood, which is detected by
the calcium sensors (CaSR) of the parathyroid
glands, resulting in an increase in the expression,
synthesis and secretion of the parathyroid hormo-
ne (PTH)®#.

The mission of PTH is to conserve calcium,
increasing its proximal and distal tubular reab-
sorption and mobilising calcium from the bone.
PTH increases the expression of a membrane pro-
tein, activator of the receptor of membrane ligand
NFkf (RANKL) in the osteoblasts. The osteoblast
RANKL bonds with RANK from the plasmatic
membrane of the monocyte pre-cursors in the
osteoclasts inducing their transformation to matu-
re osteoclasts, which bond to the bone, releasing
hydrochloric acid and collagenase, reabsorbing
bone and releasing calcium and phosphorus into
the bloodstream®®. The PTH in the kidney reab-
sorbs the filtered calcium and reduces the reab-
sorption of phosphorus, causing phosphaturia. In
the kidney, the PTH and low level of phosphorus,
which is also induced by PTH, are powerful stimu-
lants to the formation of 1,25(OH),D.

When there is an insufficient supply of calcium
to the organism the 1,25(OH),D helps to maintain
calcium homeostasis, acting on the VDR in the
osteoblasts in which it induces in a similar way to
PTH, the formation of the membrane protein
(RANKL).

In addition to these target organs and endocri-
ne actions which we may call “traditional” or “clas-
sic” which regulate bone and calcium-phosphorus
homeostasis, the endocrine system of vitamin D
has other auto-paracrine functions in the organism
as a whole®".

The majority of tissues and cells, normal or
neoplastic, such as muscle, heart, brain, blood ves-
sels, breast, colon, prostate, pancreas, skin and
immune system, among others, possess VDR and
calcifediol activator enzymes (250OHD) such as 1-
hydroxylase (1- aOHase; CYP27B1), in these loca-
tions not regulated by PTH, to synthesise
1,25(OH),D, and as happens in the kidney, inacti-
vator enzymes such as 24 hydroxylase (24-OHase;
CYP44A1) which catabolises both 250HD and
1,25(OH),D to form, respectively, 24,25(OH),D
and 1,24,25(OH);D, and ends up forming calcitroic
acid, soluble in water and biologically inactive.

The 1,25(OH),D bonds with its VDR with close
affinity and regulates the transcription of approxi-
mately 3% of the human genome. It is involved in
the regulation of cellular growth and maturation,
inhibits the production of rennin and increases the
secretion of, and sensitivity to, insulin, modulating

the function of active B & T lymphocytes and
macrophages, among other actions, which confer
on it important implications for health™.

2.1. Measurement of calcifediol (250HD) as
an indicator for the status of vitamin D in the
body

The vitamin D endocrine system is critical, not
only for the maintenance of bone health, but also
of the entire organism taken as a whole, in which
it ensures an adequate level of 25(OH)D, the
metabolite with the longest half-life, and the
essential substrate for the synthesis of calcitriol,
both in the kidneys and in other cells or tissues,
which means that the measurement of 25(OH)D is
commonly accepted as the indicator for vitamin D
status®®.

A fundamental problem in the determination of
250HD is the precision and reproducibility of the
methods available for its measurement™. In spite
of the variability between the methods available to
measure vitamin D, and although there is no
widely accepted universal consensus on adequate
levels of calcifediol, there is ever increasing agre-
ement that a concentration of 250HD >30 ng/mL
(to change to nmol/L multiply by 2.5) constitutes
the optimum level of vitamin D to ensure bone
health”. Although, higher levels of calcifediol are
probably required to ensure other health objecti-
ves®. The minimum desirable blood concentration
of calcifediol should be higher than 20 ng/mL in
everyone, which would imply an average of
around 30 ng/mL in the population as a whole®.

Patients are considered to have severe vitamin
D deficiency when they have blood levels of cal-
cifediol lower than 10 ng/mL, moderate deficiency
or insufficiency when they are between 10 and 20
ng/mL, a suboptimum state for vitamin D we loca-
te between 20 and 30 ng/mL of calcifediol in the
blood, with the optimum being above 30 ng/mL.
Suitable blood levels of calcifediol have not been
clearly defined but it can be deduced that in
populations exposed to the sun it is very difficult
to exceed a blood concentration of calcifediol of
65-70 ng/mL¥.

Therefore, blood levels of calcifediol of betwe-
en 30 and 70 ng/mL 250HD appear to be the most
physiologically appropriate, and therefore recom-
mendable. In a review of thirty works there was
no evidence of toxicity in patients with levels of
calcifediol below 100 ng/mL. A minimum toxicity
threshold has been suggested to be 200 ng/mL®.

Inadequate levels of calcifediol in Spain
At present, the insufficiency and, frankly, the defi-
ciency of calcifediol constitutes a pandemic which
affects more than half the population, children,
young people, postmenopausal women and old
people. In this last group, if they have osteoporo-
tic fractures the prevalence of hypovitaminosis D
reaches 100%™,

In Spain, this situation of inadequate levels of
calcifediol is present (Table 2). The variations in
the different methods used in different laborato-



ries makes a rigorous comparison difficult, but the
table illustrates clearly that despite Spain having a
benign climate for the synthesis of vitamin D, the
levels are similar or lower than those described for
central Europe or Scandinavia, as has been descri-
bed in previous studies™*".

Attempts have been made to explain this appa-
rent “paradox”, that Spain shares with other coun-
tries of the Mediterranean basin™, by the low die-
tary intake of vitamin D which cannot be compen-
sated for by cutaneous synthesis. Most of Spain is
above the latitude of 35°N, where there is little
possibility of synthesising vitamin D in winter and
spring.

The insufficiency of vitamin D in Spain is not
dependent on geographical zone (Table 2), given
that low levels of vitamin D may be found inde-
pendent of exposure to sun®” with seasonal varia-
tions, but barely managing to become normalised
after summer-autumn®. It is found in children and
young people”, persisting in adults™®”, postmeno-
pausal women®®, postmenopausal osteoporotic
women™”' and old people who live at home, and
even more if they live in a residence®'10>1%%,

Factors contributing to low blood levels of
calcifediol

The intake of vitamin D in Spain is far below the
traditional recommendations of the FAO (United
Nations Food and Agriculture Foundation) of 200
Ul/day in infancy and adults up to 50 years of age,
400 UI in people from 51 to 65 years of age and
600 Ul/day for those older than 65 years of age'®.
Lower even than the recent recommendations of
the United States Department of Health which
recommends as a minimum requirement for vita-
min D 500 Ul/day, which should be increased to
1,000 Ul/day in people over 70 years of age, in
people with dark skin and low exposure to sun,
and those who are institutionalised®.

In general, the intake of vitamin D is much
lower in the countries of southern Europe, less
than 200 UI on average, than in Scandinavian
countries and in the United States, where it is
nearly 400 UI daily due to the high consumption
of blue fish, and where the supplementation of
foods with vitamin D, essentially milk, milk pro-
ducts and flour, is mandatory'”’.

In Spain, it is impossible to achieve the requi-
rements of 800 UI daily recommended for the tre-
atment of osteoporosis, only through the diet and
without supplements. However, there is a wide
belief among patients, but also among health staff,
doctors and nurses that the ease of taking sun in
most of the regions of Spain makes it unnecessary
to take supplements.

However, as is shown in Table 2, for the great
majority of the population the daily diet and nor-
mal, non-programmed, taking of sun is not suffi-
cient to obtain optimum blood levels of vitamin D.
To achieve them, it is necessary to take sun for at
least 20 or 30 minutes, depending on the time of
day and season, directly, without glass in betwe-
en, and without the use of sun-blocking creams™.
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But it is not easy to find the available time to do
this, and many people are not exempt from risks.

The cutaneous synthesis of vitamin D5 depends
on the season of the year. During the months of
November to March north of the latitude 35°N/S,
that is to say in most of Spain, due to the increa-
sed angle of the solar zenith, most of the UVB
photons are absorbed by the stratospheric ozone,
making necessary a longer path in order to arrive
at the earth’s surface, which makes them inactive,
and the synthesis of vitamin D very limited or
zero™,

The climate is a critical factor: whether the
weather is suitable for taking sun. Climates which
are too cold do not enable this since people will
be fully clothed, and those which are too hot will
make people avoid the sun. In older Spanish peo-
ple lower levels of vitamin D have been reported
for the summer months due to the high tempera-
tures which occur in the southern cities of Spain
during the summer, where they frequently exceed
35°C. The older people avoid being in the sun and
prefer to be inside their houses where the tempe-
rature is more comfortable. In addition, older peo-
ple are also very careful about the risk of skin can-
cer due to the direct exposure of the skin to the
sun, but in autumn, or during the winter months,
these regions benefit from more favourable tem-
peratures (15-25°C), which allow them to take sun
with light clothes and thus synthesise vitamin
D9(i.97,10/’i.

Hyperpigmentation may reduce cutaneous
production by up to nearly 100%, and this has
been proposed as a cause of vitamin D deficiency
in the countries of southern Europe (Lips, 2001).
The use of sun-protection creams, which in the
summer is a usual practice for the vast majority of
the population, also reduces the formation of vita-
min D. Neither is vitamin Dj synthesised if the
skin is covered for cultural, social, religious or any
other reason™*.

Other common causes of a deficiency of vita-
min D is obesity (body mass index >30) which, as
is happening in other Western countries, is incre-
asingly prevalent in our country, since the body
fat captures vitamin D (Passeri, 2005). Another
proposed cause recently reported is the use of
xenobiotics and drugs which activate the pregna-
ne receptors (PXR), and others which may increa-
se the catabolisation of vitamin D and reduce its
concentration in the blood™.

Repercussions of vitamin D insufficiency in
Spain

These data alert us to the fact that in Spain: 1)
eating of foods is not sufficient to obtain adequa-
te levels of vitamin Dj; 2) despite the general belief
that is it easy to obtain vitamin D by a programme
of sunbathing, the great majority of patients do not
achieve adequate levels of vitamin D; 3) in the
general population there is a high prevalence of
insufficiency, and even of deficiency, in vitamin D,
and what is even more “paradoxical” | in patients
in treatment for osteoporosis™.
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The magnitude of the prevalence of vitamin D
insufficiency, combined with its repercussions on
bone health constitutes a significant public health
problem. Its impact on markers for remodelling,
bone mineral density, fractures and their potential
impact on health in general are reviewed in-
depth®.

The anticatabolic agents most used in normal
clinical practice are the biphosphonates (princi-
pally alendronate, risedronate, ibandronate and
zoledronate) and the selective modulators for oes-
trogen receptors (raloxifene). And the anabolic
agents are teriparatide and PTH 1-84, and in bet-
ween them both strontium ranelate.

The efficacy of these drugs and their record has
been demonstrated through major randomised cli-
nical trials designed to verify their efficacy in redu-
cing fractures. In all the pivotal clinical trials, cal-
cium and vitamin D were administered to both the
control and intervention groups and, in some trials,
the repletion of vitamin D was a criterion used as
a prerequisite for the inclusion of patients. So it is
not possible to conclude the degree of efficacy of
the drugs cited in patients depleted in vitamin D
and/or with an insufficient supply of calcium.

For this reason, all the guides and therapeutic
consensuses for the treatment of osteoporosis
indicate treatment with calcium and vitamin D™,
which means that the majority of the pharmacolo-
gical supplements of calcium come associated
with vitamin D.

However, the taking of calcium and vitamin D
are the elements with the lowest compliance in
the medical treatment of osteoporosis'™, and in
Spain in women treated for osteoporosis insuffi-
cient levels of calcifediol are found in 63%%, simi-
lar to that observed in Europe' or the United
States of America™.

The ingestion of calcium is relatively easy
achieved through the diet with the commitment
and adherence of the patient to the dietary indica-
tions of their doctor, or by using supplemented
milk products. The attainment of adequate levels
of vitamin D through the diet is almost impossible,
and repletion of vitamin D is therefore critical in
order to maximise the response to anticatabolic
treatment in terms of an increase in BMD or anti-
fractural efficacy!''12

Adami et al."? studied 1,515 women with pos-
tmenopausal osteoporosis in treatment with anti-
resorptive agents (alendronate, risedronate, raloxi-
fene) for a period of a little over a year (13.1
months) and a good adherence to treatment
(>75%). The patients were classified as deficient in
vitamin D (n=514) or replete in vitamin D
(n=1001). The increase in BMD in the spinal
column, femoral neck and total hip was signifi-
cantly higher in women replete in vitamin D.

The adjusted incidence (for age, type of treat-
ment, previous clinical fractures, intake of calcium
and body weight) was 77% higher in women
depleted in vitamin D (25(OH)D < 20 ng/mL)
(odds ratio 1.77; CI 95%: 1.20-2.50 p=0.004) .
These were similar to the results obtained in an

earlier study (Adami, 2006), which found eviden-
ce that during anti-resorptive treatment the sup-
plementation of vitamin D was a significant pre-
dictor of new fractures.

In conclusion, an optimum status of vitamin D
during treatment of osteoporosis is necessary to
maximise the response to anti-resorptive agents in
terms of changes in BMD and anti-fractural efficacy.

Although there is an intercellular pathway for
the absorption of calcium, this depends to a great
extent on vitamin D. In young people, with blood
levels of 25(OH)D < 10 ng/mlL, a daily intake of
calcium less than 800 mg is insufficient and leads
to secondary hyperparathyroidism. For the higher
levels of 22 ng/mL, an intake of calcium of 800 mg
a day, while much less than the quantity of cal-
cium recommended, is sufficient, given that to
maintain the organic requirements of calcium it is
not necessary to raise the levels of PTH™.

It is important to be very clear that those
patients who for whatever reason cannot take cal-
cium supplements need to attain blood levels of
25(OH)D higher than 40 ng/mL to optimise the
therapeutic response'”.

The cost of anti-resorptive treatments is so
high in comparison with vitamin D that the attain-
ment of optimum levels of 25(OH)D is efficient
from a therapeutic point of view. Unfortunately, it
is practically impossible to achieve these optimum
levels of 25(OH) through diet which means that it
is necessary to include supplementation as part of
the treatment, which facilitates its achievement.

In any case, this makes it essential to promote
active public health policies of education in
healthy living, but above all to enhance the deve-
lopment of functional foods supplemented with
calcium, as well as regular supplementation with
vitamin D.
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Table 2. Status of vitamin D evaluated as blood levels of 25 hydroxyvitamin D (250HD) in the Spanish popu-
lation. SD: standard deviation. PCA: competitive protein assay. RIA: radioimmune analysis. HPLC: high performan-
ce liquid chromatography

250HD; "elev‘ai o | Definition
Population . Age average low serum
Reference studied City Season i) Number - slf(:)rvl:m 250HD Method
SD ng/mL 250HD ng/mL
o o . ) 27 - 49 32 22+11 32%
%‘g;b“d“ g‘;ﬁigex“s Cg;d%b“ Spring 67 - 82 32 14+6 68% 15 PCA
70 - 85 21 15+ 10 100%
. 20 - 59 81 38.0 + 13
%;e;ada E&isexes C(;r;ioga Spring 60 - 79 31 18+ 14 PCA
>8 17 9+4.6
- 0,
Mata Donors blood Cordoba . 18 - 65 116 18 £ 105 L 0
Granados Men 37 6 Spring 18 - G4 9 15492 51% 20 HPLC
2008 Women >E 65% 30
Mezquita- | Women Granada | Winter- )
Raya 2001 | postmenopausal 37° 10 Spring 61£7 101 19+8 3% B RIA
. . 87% 20
, W adr . <
17\08561(]0 p(?s?rr?:nopausal %id;gl :X[/)lrI:;Z 47- 66 e 137 64% 15 RIA
- ) ) ’ 35% 10
. Women . .
Lips Spain Winter- 41,7% 20
5001 p(\)stmenopa‘usal 4337 | Spring 64+7 132 24 + 14 106 10 RIA
osteoporotic
Larrosa Both sexes Sabadell
Elderly o e 61 - 96 100 102 £53 87% 25 RIA
2001 ) 41° 35
Residence
. Both sexes )
Vaqueiro Sabadell | Winter- - o - 80% 25
2006 Elld.erly 41° 35 Spring 725 239 17+75 17% 10 RIA
Living at home
Gonzidlez- | Both sexes Barcelona | Winter-
Clemente | Elderly ‘ 41023 | Sprin 75+6 127 34,6% 10 RIA
1999 Outpatients opring
Both sexes Al 08 £ 9
Gomez- Elderly . 68+9 72%
Alonso Home %jei‘? L <65 }gj g N g 80% 18 RIA
2003 Men - . X 65 - 74 - 72%
Summer -
Women >05
All
Pérez- Both sexes Murcia ;iﬁr 20+ 1
Llamas Elderly 370 ,9‘, V(L/int . 77 +8 86 25+15 58,2% 20 RIA
2008 Residence > e 16 + 9
Spring-
Summer
Docio Children Cantabria | Winter 15+5 31% 12
1998 Home 43° 27 Summer 82 43 29 £ 10 80% 20 RIA
Pérez- Both elderly 31 10
Castillen | 5€x€s Valladolid | All 75 £85 197 15+8 79 20 RIA
2(308 Living at home 41° 38 year 83+ 7 146 17+7 32 10
Residence 91 20
11% 10
X(t):(])er;rotic All 4% 20
Quesada o lf;l o usal | somin | Final 71+5 190 22+ 10 76% 30 HPLC
2007 D P PR 1 spring 71+5 146 27+ 11 5% 10
Not Treated 43° 28 20% 20
Treated 63% 30




@ REVIEWS / Rev Osteoporos Metab Miner 2011 3;4:165-182

10.

11.

12.-

13.

14.

16.

17.

18.

20.

21.

22.

23.

European Commission Scientific Committee on Food
2002; Opinion of the Scientific Committee on Food on
the tolerable upper intake level of calcium. European
Commission, Brussels 2002.

Gonzalez Macias J, Guanabens Gay N, Gomez Alonso
C, del Rio Barquero L, Munioz Torres M, Delgado M, et
al. Guias de practica clinica en osteoporosis postme-
nopdusicas, glucocorticoidea y del varén. Sociedad
Espanola de Investigacion Osea y del Metabolismo
Mineral. Rev Clin Esp 2008;208(suppl 2):3-13.

Shea B, Wells G, Cranney A, Zytaruk N, Robinson V,
Griffith L, et al. Meta-analyses of therapies for postme-
nopausal osteoporosis. VII. Meta-analysis of calcium
supplementation for the prevention of postmenopau-
sal osteoporosis. Endocr Rev 2002;23:552-9.

Shea B, Wells G, Cranney A, Zytaruk N, Robinson V,
Griffith L, et al. Calcium supplementation on bone loss
in postmenopausal women. Cochrane Database Syst
Rev 2004:CD004526.

Grant AM, Avenell A, Campbell MK, McDonald AM,
MacLennan GS, McPherson GC, et al. Oral vitamin D3
and calcium for secondary prevention of low-trauma
fractures in elderly people (Randomised Evaluation of
Calcium Or vitamin D, RECORD): a randomised place-
bo-controlled trial. Lancet 2005;365:1621-8.

Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins
J, Lewis CE, et al. Calcium plus vitamin D supplemen-
tation and the risk of fractures. N Engl J Med
20006;354:609-83.

Prince RL, Devine A, Dhaliwal SS, Dick IM. Effects of
Calcium Supplementation on Clinical Fracture and
Bone Structure: Results of a 5-Year, Double-blind,
Placebo-Controlled Trial in Elderly Women. Arch
Intern Med 20006;166:869-75.

Boonen S, Lips P, Bouillon R, Bischoff-Ferrari HA,
Vanderschueren D, Haentjens P. Need for additional
calcium to reduce the risk of hip fracture with vitamin
D supplementation: evidence from a comparative
metaanalysis of randomized controlled trials. J Clin
Endocrinol Metab 2007;92:1415-23.

Tang BMP, Eslick GD, Nowson C, Smith C, Bensoussan
A. Use of calcium or calcium in combination with vita-
min D supplementation to prevent fractures and bone
loss in people aged 50 years and older: a meta-analy-
sis. Lancet 2007;370:657-00.

Bischoff-Ferrari HA, Dawson-Hughes B, Baron JA,
Burckhardt P, Li R, Spiegelman D, et al. Calcium inta-
ke and hip fracture risk in men and women: a metaa-
nalysis of prospective cohort studies and randomized
controlled trials. Am J Clin Nutr 2007;86:1780-90.
Bischoff-Ferrari HA, Willett WC, Wong JB, Giovannucci
E, Dietrich T, Dawson-Hughes B. Fracture Prevention
With Vitamin D Supplementation: A Meta-analysis of
Randomized Controlled Trials. JAMA 2005;293:2257-64.
Lau EM, Woo J, Lam V, Hong A. Milk supplementation
of the diet of postmenopausal Chinese women on a
low calcium intake retards bone loss. ] Bone Miner Res
2001;16:1704-9.

Fujita T, Fujii Y, Goto B, Miyauchi A, Takagi Y. Peripheral
computed tomography (pQCT) detected short-term
effect of AAACa (heated oyster shell with heated algal
ingredient HAD: a double-blind comparison with CaCO3
and placebo. ] Bone Miner Metab 2000;18:212-5.

Fujita T, Ohue M, Fujii Y, Miyauchi A, Takagi Y.
Reappraisal of Katsuragi calcium study, a prospective,
double-blind, placebo-controlled study of the effect of
active absorbable algal calcium (AAACa) on vertebral
deformity and fracture. J Bone Miner Metab
2004;22:32-8.

Schaafsma A, van Doormaal JJ, Muskiet FA, Hofstede
GJ, Pakan I, van der Veer E. Positive effects of a chic-
ken eggshell powder-enriched vitamin-mineral supple-
ment on femoral neck bone mineral density in healthy
late post-menopausal Dutch women. Br J Nutr
2002;87:267-75.

Jensen C, Holloway L, Block G, Spiller G, Gildengorin
G, Gunderson E, et al. Long-term effects of nutrient
intervention on markers of bone remodeling and cal-

24.

20.

27.

28.

29.

30.

31.

32.

33.
34.

30.

37.

38.

39.
40.

41.

42.

43.

44.

45.

ciotropic hormones in late-postmenopausal women.
Am J Clin Nutr 2002;75:1114-20.

Karkkainen MU, Lamberg-Allardt CJ, Ahonen S,
Valimaki M. Does it make a difference how and when
you take your calcium? The acute effects of calcium on
calcium and bone metabolism. Am J Clin Nutr
2001;74:335-42.

Aerssens J, Declerck K, Maeyaert B, Boonen §,
Dequeker J. The effect of modifying dietary calcium
intake pattern on the circadian rhythm of bone resorp-
tion. Calcif Tissue Int 1999;65:34-40.

Palacios S, Castelo-Branco C, Cifuentes I, von Helde S,
Baro L, Tapia-Ruano C, et al. Changes in bone turno-
ver markers after calcium-enriched milk supplementa-
tion in healthy postmenopausal women: a randomi-
zed, double-blind, prospective clinical trial.
Menopause 2005;12:63-8.

Bolland MJ, Barber PA, Doughty RN, Mason B, Horne
A, Ames R, et al. Vascular events in healthy older
women receiving calcium supplementation: randomi-
sed controlled trial. BMJ 2008;336:262-6.

Jones G, Winzenberg T. Cardiovascular risks of cal-
cium supplements in women. BMJ. 2008;336:226-7.
Lappe JM, Heaney RP. Calcium supplementation:
Results may not be generalisable. BMJ 2008;336:403;
author reply 404.

Ivanovich P, Fellows H, Rich C. The absorption of cal-
cium carbonate. Ann Intern Med 1967;66:917-23.
Cashman KD. A prebiotic substance persistently
enhances intestinal calcium absorption and increases
bone mineralization in young adolescents. Nutr Rev
2006;64:189-96.

Schinke T, Schilling AF, Baranowsky A, Seitz S,
Marshall RP, Linn T, et al. Impaired gastric acidification
negatively affects calcium homeostasis and bone mass.
Nat Med 2009;15:674-81.

Recker RR. Calcium absorption and achlorhydria. New
Engl J Med 1985;313:70-3.

Hunt JN, Johnson C. Relation between gastric secretion
of acid and urinary excretion of calcium after oral sup-
plements of calcium. Dig Dis Sci 1983;28:417-21.
Bo-Linn GW, Davis GR, Buddrus DJ, Morawski SG,
Santa Ana C, Fordtran JS. An evaluation of the impor-
tance of gastric acid secretion in the absorption of die-
tary calcium. J Clin Invest 1984;73:640-7.

Hansen C, Werner E, Erbes HJ, Larrat V, Kaltwasser JP.
Intestinal calcium absorption from different calcium
preparations: influence of anion and solubility.
Osteoporos Int 1996;6:386-93.

Harvey J.A, Kenny P, Poindexter J, Pak CY. Superior
calcium absorption from calcium citrate than calcium
carbonate using external forearm counting. J Am Coll
Nutr 1990;9:583-7.

Harvey JA, Zobitz MM, Pak CY. Dose dependency of
calcium absorption: a comparison of calcium carbona-
te and calcium citrate. ] Bone Miner Res 1988;3:253-8.
Collazo-Clavell ML, Jimenez A, Hodgson SF, Sarr MG.
Endocr Pract 2004;10:195-8.

O'Connell MB, Madden DM, Murray AM, Heaney RP,
Kerzner 1J. Effects of proton pump inhibitors on cal-
cium carbonate absorption in women: a randomized
crossover trial. Am J Med 2005;118:778-81.

Wright MJ, Proctor DD, Insogna KL, Kerstetter JE.
Proton pump-inhibiting drugs, calcium homeostasis,
and bone health. Nutr Rev 2008;66:103-8.

Grisso JA, Kelsey JL, O'Brien LA, Miles CG, Sidney S,
Maislin G, et al. Risk factors for hip fracture in men.
Hip Fracture Study Group. Am J Epidemiol
1997;145:786-93.

Laine L. Proton Pump Inhibitors and Bone Fractures?
Am J Gastroenterol 2009;104:521-S26.

Yang YX, Lewis JD, Epstein S, Metz DC. Long term
proton pump inhibitor therapy and risk of hip fractu-
re. JAMA 2006;296:2947-53 .

Vestergaard P, Rejnmark L, Mosekilde L. Proton pump
inhibitors histamine H2 receptor antagonists, and other
antacid medications and the risk of fracture. Calcif
Tissue Int 2006;79:76-83.



46.

47.

48.

49.

58.

59.

60.

61.

62.

63.

64.

65.

60.

67.

Targownik LE, Lix LM, Metge CJ, Prior HJ, Leung S,
Leslie WD. Use of proton pump inhibitors and risk of
osteoporosis-r elated fractures. CMAJ 2008;179:319-62.
Hoenderop JG, Nilius B, Bindels RJ. Calcium absorp-
tion across epithelia. Physiol Rev 2005;85:373-422.
Pérez AV, Picotto G, Carpentieri AR, Rivoira MA,
Peralta-Lopez ME, Tolosa de Talamoni NG. Minireview
on regulation of intestinal calcium absorption.
Emphasis on Molecular Mechanisms of Transcellular
Pathway. Digestion 2008;77:22-34.

Sheikh MS, Ramirez A, Emmett M, Santa Ana C, Schiller
LR, Fordtran JS. Role of vitamin D-dependent and vita-
min D-independent mechanisms in absorption of food
calcium. J Clin Invest 1988;81:126-32.

Scholz-Ahrens KE, Schrezenmeir J. Effects of bioactive
substances in milk on mineral and trace element meta-
bolism with special reference to casein phosphopepti-
des. Br J Nutr 2000;84:5147-53.

Orozco-Lopez P, Zwart Salmerén M, Vilert Garrofa E,
Olmos Dominguez C. INDICAD Study 2001.
Prediccion de la ingesta total de calcio a través del
consumo de lacteos en la poblacion adulta de Espana.
Estudio INDICAD 2001 Aten Primaria 2004;33:237-43.
Miller DD. Calcium in the diet: food sources, recom-
mended intakes, and nutritional bioavailability. Adv
Food Nutr Res 1989;33,103-56.

Heaney RP. Thinking straight about calcium. N Engl J
Med 1993;328:503-5.

Bonjour JP, eds. Nutritional Aspects of Bone Health.
Cambridge, UK: Royal Society of Chemistry 2003:421-38.
Martinez-Ferrer A, Peris P, Reyes R, Guanabens N.
Aporte de calcio, magnesio y sodio a través del agua
embotellada y de las aguas de consumo publico: impli-
caciones para la salud. Med Clin (Barc) 2008;131:641-46.
Cashman KD. Diet, Nutrition, and Bone Health J Nutr
2007;137:52507-12.

Burckhardt P. The effect of the alkali load of mineral
water on bone metabolism: interventional studies. J
Nutr 2008;138:5435-7.

Heaney RP. Nutrition and osteoporosis. (2006). Primer
on the metabolic bone diseases and disorders of mine-
ral metabolism 6th edition. Favus MJ. American Society
for Bone and Mineral Research. Washington DC 255-7.
Michaelsson K. The calcium quandary. Nutrition
2009;25:655-6

Kanis JA, Burlet N, Cooper C, Delmas PD, Reginster JY,
Borgstrom F, et al. European guidance for the diagno-
sis and management of osteoporosis in postmenopau-
sal women. Osteoporos Int 2008;19:399-428.

Reid IR, Mason B, Horne A, Ames R, Reid HE, Bava U,
et al. Randomized controlled trial of calcium in healthy
older women. Am J Med 2006;119:777-85.

Feskanich D, Willett WC, Colditz GA. Calcium, vitamin
D, milk consumption, and hip fractures: a prospective
study among postmenopausal women. Am J Clin Nutr
2003;77:504-11.

Bischoff-Ferrari HA, Giovannucci E, Willett WC,
Dietrich T, Dawson-Hughes B. Estimation of optimal
serum concentrations of 25-hydroxyvitamin D for mul-
tiple health outcomes. Am J Clin Nutr 2000;84:18-28.
Avenell A, Gillespie WJ, Gillespie LD, O’Connell DL.
Vitamin D and vitamin D analogues for preventing
fractures associated with involutional and post-meno-
pausal osteoporosis. Cochrane Database Syst Rev
2005;20(3): CD000227.

NIH State-of-the-Science Panel National Institutes of
Health State-of-the-science conference statement: mul-
tivitamin/mineral supplements and chronic disease
prevention. Ann Intern Med 2006;145:364-71.

Brown JP, Josse RG. Scientific Advisory Council of the
Osteoporosis Society of Canada. 2002 clinical practice
guidelines for the diagnosis and management of oste-
oporosis in Canada. CMAJ 2002;167(10 suppD):S1-S34.
AACE Osteoporosis Task Force. American Association of
Clinical Endocrinologists Medical Guidelines for Clinical
Practice for the Prevention and Management of
Postmenopausal Osteoporosis: 2001 Edition with selec-
ted updates for 2003. Endocrine Practice 2003;9:544-64.

REVIEWS / Rev Osteoporos Metab Miner 2011 3;4:165-182 @

68.
9.

70.
71.

72.

73.

74.

76.
77.

78.

79.

80.

81.

82.

83.
84.

85.

86.

. Arana-Arri E

Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes. Dietary Reference Intakes
for Calcium, Phosphorus, Magnesium, Vitamin D, and
Fluoride. Washington, DC: National Academy Press
1997

National Osteoporosis Foundation. Clinician’s Guide
to Prevention and Treatment of Osteoporosis.
Washington, D.C.: National Osteoporosis Foundation.
2008. Disponible en: http:// www.nof.org/professio-
nals/Clinicians_Guide. htm.

Steingrimsdottir L, Gunnarsson O, Indridason OS,
Franzson L, Sigurdsson G. Relationship between serum
parathyroid hormone levels, vitamin D sufficiency, and
calcium intake. JAMA 2005;294:2336-41.

Bruyere O, De Cock C, Mottet C, Neuprez A, Malaise
O, Reginster JY. Low dietary calcium in European pos-
tmenopausal osteoporotic women. Public Health Nutr
2009;12:111-4.

Quesada Gomez JM, Mata Granados JM, Delgadillo J,
Ramirez R. Low calcium intake and insufficient serum
vitamin D status in treated and non-treated postmeno-
pausal osteoporotic women in Spain. J Bone Miner
Metab 2007;22:5309.

Ubeda N, Basagoiti M, Alonso-Aperte E, Varela-
Moreiras G. Habitos alimentarios, estado nutricional y
estilos de vida en una poblacién de mujeres menopau-
sicas espanolas. Nutr Hosp 2007;22:313-21.

Sosa M, Jodar E, Saavedra P, Navarro MC, Gémez de
Tejada MJ, Martin A, et al. Postmenopausal Canarian
women receiving oral glucocorticoids have an increa-
sed prevalence of vertebral fractures and low values of
bone mineral density measured by quantitative com-
puter tomography and dual X-ray absorptiometry,
without significant changes in parathyroid hormone.
Eur J Intern Med 2008;19:51-6.

, Gutiérrez-Ibarluzea 1, Ecenarro
Mugaguren A, Asua Batarrita J. Prevalence of certain
osteoporosis-determining habits among post meno-
pausal women in the Basque Country, Spain, in 2003.
Rev Esp Salud Publica 2007;81:647-56.

Departamento de Sanidad del Gobierno Vasco.
Encuesta de Nutricién de la Comunidad Auténoma
Vasca. Donostia: Eusko Jaurlaritzaren Argitalpen
Zerbitzu Nagusia 1994.

Rapado A, Diaz Curiel R, Gabriel R, Segi JL, Alonso-
Barajas R. Consumo de calcio a través de la ingesta de
lacteos en la dieta espanola. Rev Esp Enf Metab Oseas
1997;6:169-74.

Peris P. Consumo de calcio y utilizacion de suplemen-
tos de calcio y vitamina D en mujeres postmenopausi-
cas. Med Clin (Barc) 1999;111:36.

Gonzalez-Macias J, Marin F, Vila J, Diez-Pérez A,
Gimeno A, Peguenaute E, et al: Prevalencia de facto-
res de riesgo de osteoporosis y fracturas osteoporoti-
cas en una serie de 5.195 mujeres mayores de 65 anos.
Med Clin (Barc) 2004;12:85-9.

Riancho JA, Pérez-Castrillon JL, Valero C, Gonzailez-
Macias J. Ingesta de calcio insuficiente y fractura de
cadera. Med Clin (Barc) 2007;128:355.

Holick MF, Garabedian M. Vitamin D: photobiology,
metabolism, mechanism of action, and clinical applica-
tions. En: Favus MJ, ed. Primer on the metabolic bone
diseases and disorders of mineral metabolism. 6th ed.
Washington, DC: American Society for Bone and
Mineral Research 2006:129-37.

DeLuca HF. Overview of general physiologic features
and functions of vitamin D. Am J Clin Nutr
2004;80:Suppl:1689S-16968.

Dusso AS, Brown AJ, Slatopolsky E. Vitamin D. Am J
Physiol Renal Physiol 2005;289:F8-F28.

Holick MF. Vitamin D deficiency. N Engl ] Med
2007;357:266-81.

Quesada Goémez JM. Insuficiencia de calcifediol
(25(OH)D). Implicaciones para la salud. Drugs Today
2009;45(Suppl. A):1-31.

Binkley N, Krueger D, Gemar D, Drezner MK.
Correlation among 25-hydroxy- vitamin D assays. J
Clin Endocrinol Metab 2008;93:1804-8.



@ REVIEWS / Rev Osteoporos Metab Miner 2011 3;4:165-182

87.
88.
89.

90.

91
92.
93.
94.

95.

96.

97.

98.

99.

Dawson-Hughes B, Heaney RP, Holick MF, Lips P,
Meunier PJ, Vieth R. Estimates of optimal vitamin D
status. Osteoporos Int 2005;16:713-6.

Roux C, Bischoff-Ferrari HA, Papapoulos SE, de Papp
AE, West JA, Bouillon R. New insights into the role of
vitamin D and calcium in osteoporosis management:
an expert roundtable discussion. Curr Med Res Opin
2008;24:1363-70.

Barger-Lux MJ, Heaney RP. Effects of above average
summer sun exposure on serum 25-hydroxyvitamin D
and calcium absorption. J Clin Endocrinol Metab
2002;87:4952—6.

Vieth R. Vitamin D supplementation, 25-hydroxyvita-
min D concentrations, and safety. Am J Clin Nutr
1999;69:842-56.

Lips P, Duong T, Oleksik AM, Black D, Cummings S, Cox
D, Nickelsen T, for the MORE Study Group. A global
study of vitamin D status and parathyroid function in
postmenopausal women with osteoporosis: baseline
data from the multiple outcomes of raloxifene evaluation
clinical trial. J Clin Endocrinol Metab 2001;86:1212--21.
Binkley N, Novotny R, Krueger D, Kawahara T, Daida
YG, Lensmeyer G, et al. Low vitamin D status despite
abundant sun exposure. J Clin Endocrinol Metab 2007;
92:2130-5.

Gomez-Alonso C, Naves-Diaz ML, Fernandez-Martin
JL, Diaz-Lopez JB, Fernandez-Coto MT, Cannata-Andia
JB. Vitamin D status and secondary hyperparathyroi-
dism: The importance of 25-hydroxyvitamin D cut-off
levels Kidney International 2003;63:544-S48.

Docio S, Riancho JA, Pérez A, Olmos JM, Amado JA,
Gonzilez-Macias J. Seasonal deficiency of vitamin D in
children: A potential target for osteoporosis-preventing
strategies? ] Bone Miner Res 1998;13:544-8.
Mata-Granados JM, Luque de Castro MD, Quesada
Gomez JM. Inappropriate serum levels of retinol,
alpha-tocopherol, 25 hydroxyvitamin D3 and 24,25
dihydroxyvitamin D3 levels in healthy Spanish adults:
simultaneous assessment by HPLC. Clin Biochem
2008;41:676-80.

Quesada JM, Jans I, Benito P, Jimenez JA, Bouillon P.
Vitamin D status of elderly people in Spain. Age
Ageing 1989:18:392-7.

Quesada JM, Coopmans W, Ruiz P, Aljama P, Jans I,
Bouillon R. Influence of vitamin D on parathyroid
function in the elderly. J Clin Endocrinol Metab
1992:75:494-501.

Aguado P, del Campo MT, Garces M, Gonzalez-Casaus
ML, Bernad M, Gijon Banos J, et al. Low vitamin D
levels in outpatient postmenopausal women from a
rheumatology clinic in Madrid, Spain: Their relations-
hip with bone mineral density. Osteoporosis interna-
tional 2000;11:739-44.

Mezquita-Raya P, Munoz-Torres M, Luna JD, Luna V,
Lopez-Rodriguez F, Torres-Vela E, et al. Relation bet-
ween vitamin D insufficiency, bone density, and bone
metabolism in healthy postmenopausal women. J
Bone Miner Res 2001;16:1408-15.

100. Larrosa M, Gratacos J, Vaqueiro M, Prat M, Campos F,

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Roqué M. Prevalencia de hipovitaminosis D en una
poblacion anciana institucionalizada. Valoracion del
tratamiento sustitutivo. Med Clin (Barc) 2001;117:611-4.
Vaqueiro M, Baré ML, Anton E, Andreu E, Gimeno C.
Valoracion del umbral 6ptimo de vitamina D en la
poblacion mayor de 64 anos. Med Clin (Barc)
2006;127:648-50.

Gonzalez-Clemente JM, Martinez-Osaba MJ, Minarro A,
Delgado MP, Mauricio D, Ribera F. Hipovitaminosis D:
alta prevalencia en ancianos de Barcelona atendidos
ambulatoriamente. Factores asociados. Med Clin
(Barc) 1999;113:641-5.

Pérez-Castrillon JL, Nino Martin V. Niveles de vitamina
D en poblacién mayor de 65 anos. Rev Esp Enf Metab
Oseas 2008;17:1-4.

Pérez-Llamas F, Lopez-Contreras M]J, Blanco MJ,
Lopez-Azorin F, Zamora S, Moreiras O. Seemingly
paradoxical seasonal influences on vitamin D status in
nursing-home elderly people from a Mediterranean
area. Nutrition 2008;24:414-20.

Serra-Majem L. Vitamin and mineral intakes in
European children. Is food fortification needed? Public
Health Nutr 2004;4:101-7.

Arbonés G, Carbajal A, Gonzalvo B, Gonzilez-Gross
M, Joyanes M, Marques-Lopes I, et al. Nutricion y reco-
mendaciones dietéticas para personas mayores. Grupo
de trabajo "Salud publica" de la Sociedad Espanola de
Nutricion (SEN). Nutr Hosp 2003;18:109-37.

Calvo MS, Whiting SJ, Barton CN. Vitamin D Intake: A
Global Perspective of Current Status. J. Nutr
2005;135:310-6.

Rossini M, Bianchi G, Di Munno O, Giannini S,
Minisola S, Sinigaglia L, et al Determinants of adheren-
ce to osteoporosis treatment in clinical practice.
Treatment of Osteoporosis in clinical Practice (TOP)
Study Group. Osteoporos Int 2006;17:914-21.

Lips P, Hosking D, Lippuner K, Norquist JM, Eehreb L,
Maalouf G, et al. The prevalence of vitamin D inade-
quacy amongst women with osteoporosis: an interna-
tional epidemiological investigation. J Intern Med
20006;260:245-54

Holick MF, Siris ES, Binkley N, Beard MK, Khan A,
Katzer JT, et al. Prevalence of vitamin D inadequacy
among postmenopausal North American women recei-
ving osteoporosis therapy. J Clin Endocrinol Metab
2005;90:3215-24.

Adami S, Isaia G, Luisetto G, Minisola S, Sinigaglia L,
Gentilella R et al. ICARO Study Group. Fracture inci-
dence and characterization in patients on osteoporosis
treatment: the ICARO study. ] Bone Miner Res 2000;
21:1565-70.

Adami S, Giannini S, Bianchi G, Sinigaglia L, Di Munno
O, Fiore CE, et al. Vitamin D status and response to
treatment in  post-menopausal  osteoporosis.
Osteoporos Int 2009;20:239-44.

Adami S, Tsaia G, Luisetto G, Minisola S, Sinigaglia L,
Silvestri S et al; ICARO Study Group. Osteoporosis tre-
atment and fracture incidence: the ICARO longitudinal
study. Osteoporos Int 2008;19:1219-23.





